A study of the floral phenology of cocoa trees was carried out between 2006 and 2008 at Kubease in the Ashanti Region of Ghana, using one hundred cocoa trees from ten farm plots. The objective was to assess the contribution of floral phenology to the productivity of cocoa. Cocoa like all tropical tree species exhibited seasonally-related phenological patterns involving overlapping cycles under both intrinsic and extrinsic controls. However, unlike most tropical plants, flowering was in the rainy season. The production of new pods or cherelles increased during the major rainy season (June, July, and August), but was evenly distributed from the minor to the dry season. Production of small and medium pods peaked in August whereas production of large pods peaked in October. There was a positive correlation between new pod production and pods abortion (r = 0.69; n = 100; P < 0.05). Temperature, light intensity, and rainfall positively affected production of floral buds and production of open flowers. However, rainfall had the greatest influence on the phenological cycle of the cocoa plant. The floral phenological pattern also coincided with the activity of the main pollinators of cocoa which resulted in enhanced reproductive capacity for increased production of cocoa.
Introduction
Cocoa (Theobroma cacao L.) ranks number three in global export commodities after coffee and sugar and is a major cash crop in many tropical countries [1] . Produced on more than 7.5 million hectares, cocoa provides a means of livelihood for an estimated 40 million people worldwide, ranging from small holder farmers, laborers to employees in processing factories. In the lowland tropics, including parts of Latin America, West Africa, and Indonesia, cocoa is a crop grown largely by smallholder farmers (smallholdings of less than ten hectares) [2] . Compared to other agricultural activities, cocoa has been a leading subsector in the economic growth and development of several West African countries including Ghana [3] . World cocoa production increased at a rate of 2.2 percent a year, from 1998 to 2010 culminating in a production level of 3.7 million tons over the period [4] . Studies in other parts of the world suggest that the yield of cocoa is related to the floral phenology of the trees ( [5, 6] ). Clarke [7] reported that a good understanding of the floral phenology of tree crops provides significant insights into the functional attributes of growth and reproduction of the trees. Therefore, the synchronization between the phenology of flowering of cocoa trees and the pollinator population cycle, will constitute a significant step towards the realization of increased yield of cocoa. To our knowledge, however, there is not much information in Ghana on the floral phenology of the cocoa tress that could enhance the production potential of the trees for increased economic returns. Consequently, cocoa tree floral studies were carried out on the Amazonian variety in one of the major cocoa growing areas in the Ashanti region of Ghana to determine the floral phenology 2 ISRN Agronomy pattern and its relation to reproduction and productivity of the popularly cultivated Amazonian cocoa.
Methodology

The Biophysical Characteristics of the Study Area.
The study location called Kubease in the Ejisu-Juabeng District of the Ashanti Region of Ghana (Figure 1 ) lies between latitudes 6
• 44 and 6
• 40 North and longitudes 1 • 15 and 1
• 22 West (source: Gold Coast Survey Field Sheet No. 129, Scale 1 : 62,500), and it is about 180 to 240 m above sea level. The natural forest belongs to the Triplochiton-Celtis of the tropical moist semideciduous formation [8] . The area has an annual average temperature of 26.5 (± 2.09)
• C, relative humidity of 86.1 (± 12. 6)%, and a mean monthly rainfall ranging between 19.1-235.1 mm. The area experiences a bimodal rainfall distribution, with peaks in June and September. The first and second growing seasons typically last from mid-March to mid-July and from mid-August to end of November, respectively, separated by a short dry spell of about four weeks in July. The major dry season starts in mid-November and lasts till end of March.
The climate is marked by high incidence of solar radiation and relatively little variation in day length.
Experimental Procedure.
Ten farmer-managed cocoa farms were used in the study. In each farm, ten adult cocoa trees within a 400 m 2 dimension were randomly selected and tagged using red ribbon. The total number of adult cocoa trees used for the study therefore was one hundred.
For three consecutive flowering years (2006, 2007, and 2008 ) monthly examination was made on each tree for counts of flowers, buds, and fruit-set to determine their seasonality. The times of incidence of flower bud, flower opening, and fruit abortion were recorded as determinants of the final yield. Fifty cocoa trees on five study farms were studied each day, as this was the maximum number of trees that could be examined accurately within a single day for the relevant phenological data. For effective flower census on trees with height ranging from 5.42-11.52 m, the protocol developed by the Cocoa Research Institute of Ghana for such tall trees was adopted [9] . Data collected included number of mature flower buds, open flowers, new pods or cherelles (which gave an estimate of pollination under field conditions), small pods (5-10 mm), medium pods (11-60 mm), and large pods (>60 mm); numbers of diseased pods, number of aborted pods (or cherelle wilt) and a number of vertebrate (squirrel) attacked pods. The different pod sizes were counted to track changes in pod size over time and to determine which pod size had the most vertebrate damage. 
Ambient Climatic
Results
Phenological Pattern of Flowering in Cocoa.
The overall phenological pattern of flowering of cocoa consisted of segmental flowering in repeated phases. Floral productions generally increased in the major rainy season which began in the month of April and peaked in July ( Figure 2 ). During this period flowering was high and was borne in the canopy, on the branches and on trunks of the cocoa trees. Flowering generally reduced drastically in the minor rainy season from September to November and was restricted to the canopy and branches leaving the trunks with little or no flowers ( Figure 2 ). From December which marked the beginning of the dry season, flowering was sparse even in the canopy whiles the trunks were completely flowerless. This trend continued throughout the dry season which ended in late March.
Flowering appeared to have been affected by the level of fruiting in the preceding year. About 40% of trees produced more fruits in the year 2006, leading to a good harvest by some farmers. In such situations there was late flowering of the trees in the ensuing year 2007 in spite of the onset of rains. Trees which had little fruiting in the previous year experienced early flowering. On the whole, the month with the most rain, was also the most productive month ( Figure 2 ; Table 1 ).
There were many fluctuations in the floral abundance with peaks and declines in flower production. The production of new pods or cherelles increased during the major rainy season (June, July, and August), but was evenly distributed from the minor season through to the dry season ( Figure 1 ). Fruit-set was low in April (2.4%) but gradually increased till it peaked in September (173.6%) ( Figure 2 ; Table 1 ).
There was considerable tree-to-tree differences in the production of mature floral buds and open flowers ( Table 1 ), such that the monthly total mature floral buds ranged from 34 to7246 (summed for all the 100 trees). Also the monthly totals of open flowers for the 100 trees ranged from 40 to 3818. A similar pattern was found in cherelles present at each monthly census, ranging from 102-2061 for all the 100 cocoa trees (Table 1) . There was highly significant (P < 0.001) differences in monthly floral production between the study farm plots although there were some overlaps in the level of production ( Table 2 ). In addition, the monthly production of floral buds and open flowers also showed highly (P < 0.001) significant differences. Cherelle production levels were also significantly different (P < 0.05) in the months (Table 2) .
Fruit Production in Cocoa
Trees. Fruit (small, medium, and large pods) production started in April and peaked in August. Comparing the fruit pod sizes, there were significant (P < 0.001) differences in pod sizes between the months of the study (Figure 3) .
Small pods, which formed about 80% of the total fruits produced peaked in production in August. Except in July, small pods production formed the highest number in all the remaining months. Significant production of medium and large pods started in July with the medium pods being in greater numbers than the large pods. Whereas medium pods production peaked in August, that of large pods peaked in October. The rate of production of new pods and pod losses through abortion was similar between the months of April and June. However, the rate of pod abortion greatly exceeded 4 ISRN Agronomy the rate of new pods production from July to December (Figure 4) . Generally, there was a positive and significant correlation between new pod production and pods abortion (r = 0.69; n = 100; P < 0.05). Aborted fruits are those with halted development and or with visible wilting. Between April and July, total fruit production and number of diseased pods were similar but deviated between August and October when the number of diseased pods exceeded total fruit production ( Figure 5 ). (Figure 7 ). Comparing the three climatic factors, rainfall was found to have the greatest influence on the phenological cycle of the cocoa plant.
Effect of Climatic Conditions on Flower
Discussion
Flowering Patterns.
The present study has established that cocoa exhibits a season-related phenological pattern of flowering and fruit set involving overlapping cycles. Similar findings have been found in other tropical tree species [10] [11] [12] [13] emphasizing the fact that cocoa is no different from other tropical tree species. However, unlike most tropical plants whose period of least flowering is at the height of the long rainy season [13] cocoa presents a special case. Flowering, especially on the trunk was highest in the most rainy months. This may be due to intrinsic factors namely: genetic and physiological factors which appear to play a large role in the phenological behavior of the cocoa plant. The observation that flowering appeared to have been affected by the level of fruiting in the preceding year suggests a possible interyear linkage in resource use by leaves and fruit as suggested by Southwick [14] and Snow and Whigham [15] . The fruit of cocoa can contain over 400 times more energy than is stored in its flowers [16] thus highlighting the physiological importance of fruit abortion [17] .
The observation that fruit production and fruit abortion increased during the rainy season is corroborated by Valle et al. [16] . The high incidence of fruit abortion (cherelle wilt) in cocoa during the flowering season is attributed to a physiological necessity of the tree itself [18, 19] and has been found in the present study to be the main cause of fruit loss. This physiological necessity is partially related to pollination intensity [19] and competition for nutritional resources ( [16, 20, 21] ). Thus, fruit abortion is important in regulating the number of fruits per tree. By aborting fruits early in their development, plants conserve many of the necessary resources for future fruit and vegetative growth.
The tree-to-tree differences in the production of floral buds, opening of flowers, and formation of cherelles are consistent with the findings that cocoa flower initiation, shape and morphogenesis though dependent on the environment is regulated endogenously [22, 23] . The monthly mean variations in the floral and fruit productions as well as fruit losses appeared to be the same during certain times of the year from September to December. During the dry seasons, flowering was either absent, very scanty on the trunk, or was limited to the inaccessible branches.
The observed levels of diseased pods in the area suggests that disease occurrence was a major determinant of final cocoa yield levels in commercial plantations, in spite of the fact that pollination successes largely determined the initial levels of fruit-set. This finding is in agreement with the observations made in La Lola, Costa Rica [12] .
The Amazonia cocoa, the variety in the present study, has a longer spread of flowering due to the fact that the branches and trunks flower in turns, a phenomenon akin to the "manifold" (a term first used by [24] ) leaf production in some tropical plants. Flowering starts on the tree trunk at the beginning of the rainy season but by the close of the year, the branches become the main flower-bearing part of the tree. This flowering behavior therefore allows for continuous pollination and fruiting. Consequently, harvesting of cocoa is not a one-time activity for the farmer but a series of activities which may begin from one year and end in the following year. Vaughton and Ramsey [25] have identified two proximate ecological mechanisms which account for this pattern that is, insufficient pollen delivery to stigmas and limited resources for maturation of fruits and seeds. This implies that effective pollination and adequate nutrition are critical for cocoa and as such authorities in the cocoa industry should focus attention on ensuring both effective pollination and nutrition provision. In practice, however, the authorities seem to place emphasis on nutrition and neglect pollination.
Effect of Climatic Conditions on Flower Production.
Flowering of the cocoa trees in the study farms were affected by exogenous factors such as rainfall, temperature, and light. However, rainfall was found to be the most critical factor in the floral phenology of cocoa since it accounts for 78% and 75% of the variation in the production of mature floral buds and open lowers, respectively. All the ten study farms were exposed to the sunlight as there were no shade trees, though there was self-shading in the mature trees due to unbroken canopies, thus modifying the light intensity and temperature. Absence of shade cover may condition cocoa trees throughout the year to flower at irregular intervals, that is, a phenological pattern far less indicative of a response to seasonal changes in rainfall and other climatic conditions [10, 12, 18] . It is assumed that in plants growing under unshaded conditions, the resulting greater leaf area due to vigorous leaf production, combined with higher light intensity may result in increased photosynthesis and increased carbohydrate production [26] [27] [28] . Flowering and abscission are some of the photomorphogenic (light-regulated growth) processes of cocoa and therefore makes light a critical factor. Low light intensities suppress flower production in cocoa [29] , and high light intensity though detrimental to the photosynthetic apparatus of cocoa is reported to stimulate flowering [30, 31] . Omolaja et al. [23] observed that high temperature and increased rainfall promote flushing and flower initiation and flowering intensity in cocoa.
The fact that the cocoa flowered from the beginning of the raining season probably meant that cocoa reacts to the stimulus of water. This assertion was based on the observation that during the dry seasons (January through March) and before the onset of the rains in April there were no buds, flowers, or new pods on any of the tree trunks. It could be said generally that both genetic and physiological (intrinsic) factors are the primary factors responsible for basic timing of flowers whereas the environmental or extrinsic controls are the modifying factors. Ewusie [13] classified these factors, as proximal and distal factors respectively.
Implications of Cocoa Flowering Dynamics for Cocoa
Reproduction and Productivity. The floral phenological patterns observed in the present study provide some advantage for cocoa reproduction and productivity. The main pollinators, biting midges (Ceratopogonidae), and gall midges (Cecidomyiidae), which are moisture-loving dipterans, are known to increase in population during the rainy months (May to July) when flower setting reaches a peak, and much less in the dry seasons [32] . Having more flowers in the rainiest months therefore could be a coevolutionary process to enhance its reproductive capacity as suggested by van Schaik et al. [33] . The issue of flower opening or anthesis at dawn might again be important to the pollination process as midge visits are known to start at dawn [32] . The present study has demonstrated that cocoa productivity could be seriously affected by flower drop due to no or insufficient pollination, diseases, and fruit abortion.
Conclusion
The study has demonstrated that cocoa like all tropical tree species in general exhibit season-related phenological patterns of flowering but unlike most tropical plants, flowering is at the height of the long rainy season. In addition, fruit-set involved overlapping cycles (the phenophases of flowering, fruiting, and leaf-formation and leaf-fall more than once a year) under both intrinsic and extrinsic controls. Rainfall, as an extrinsic factor, was found to be the most critical in the floral phenology. The floral phenological pattern coincided with the activity of the main pollinators of cocoa which resulted in enhanced reproductive capacity for increased production of cocoa.
